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The efficacy of second-generation drug-eluting stents (DES; eg, everolimus and zotarolimus)

compared with bare-metal stents (BMS) in patients undergoing percutaneous coronary inter-

vention was challenged recently by new evidence from large clinical trials. Thus, we aimed to

conduct an updated systematic review and meta-analysis of randomized clinical trials (RCTs)

evaluating the efficacy and safety of second-generation DES compared with BMS. Electronic

databases were systematically searched for all RCTs comparing second-generation DES with

BMS and reporting clinical outcomes. The primary efficacy outcome was major adverse cardiac

events (MACE); the primary safety outcome was definite stent thrombosis. The DerSimonian

and Laird method was used for estimation of summary risk ratios (RR). A total of 9 trials involv-

ing 17 682 patients were included in the final analysis. Compared with BMS, second-generation

DES were associated with decreased incidence of MACE (RR: 0.78, 95% confidence interval

[CI]: 0.69-0.88), driven by the decreased incidence of myocardial infarction (MI) (RR: 0.67, 95%

CI: 0.48-0.95), target-lesion revascularization (RR: 0.47, 95% CI: 0.42-0.53), definite stent

thrombosis (RR: 0.57, 95% CI: 0.41-0.78), and definite/probable stent thrombosis (RR: 0.54,

95% CI: 0.38-0.80). The incidence of all-cause mortality was similar between groups (RR: 0.94,

95% CI: 0.79-1.10). Meta-regression showed lower incidences of MI with DES implantation in

elderly and diabetic patients (P = 0.026 and P < 0.0001, respectively). Compared with BMS,

second-generation DES appear to be associated with a lower incidence of MACE, mainly driven

by lower rates of target-lesion revascularization, MI, and stent thrombosis. However, all-cause

mortality appears similar between groups.
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1 | INTRODUCTION

Since the introduction of coronary angioplasty, percutaneous coro-

nary intervention (PCI) has advanced rapidly from plain-old balloon

angioplasty to first- and then second-generation drug-eluting stents

(DES). Compared with bare-metal stents (BMS), DES were developed

to decrease the rate of clinically significant stent complications such

as restenosis after PCI.1 However, first-generation DES were also

associated with increased risk of late stent thrombosis and death,

especially with discontinuing dual antiplatelet therapy (DAPT)

early.2–4 Second-generation DES aimed to improve the DES safety

profile. Meta-analyses thus far have been limited in patient numbers

and/or duration of follow-up when comparing second-generation

DES with BMS.5–7 The recently published Norwegian Coronary Stent
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(NORSTENT) trial was a randomized controlled trial (RCT) that

included >9000 patients and adds significant new data for analysis.

This trial suggested that there was no difference in the risk of death

and MI between second-generation DES and BMS. However, some

authors had argued that the NORSTENT trial was underpowered to

detect a difference between devices.8 Thus, we aimed to further

evaluate the safety and efficacy of second-generation DES via com-

prehensive meta-analysis.

2 | METHODS

2.1 | Data sources and study selection

A detailed search of electronic databases, including MEDLINE, Web

of Science, and Cochrane Central Register of Controlled Trials, was

conducted from inception until March 2017 for all RCTs comparing

second-generation DES (eg, zotarolimus or everolimus DES) with

BMS, without language restrictions. The following keywords were

used: “everolimus,” “zotarolimus,” “bare metal,” and “stent.” The

search was restricted to RCTs on humans. The references of the

included trials were also screened for trials not included by the search

strategy. The current meta-analysis was conducted in concurrence

with the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines.9 We excluded trials comparing

biodegradable-polymer DES with BMS, given the different duration

of DAPT recommended for these stents and different patient popula-

tion (ie, patients with higher risk of bleeding) that could affect the

outcomes assessed in our study.

2.2 | Data extraction

Two independent reviewers (NS and AYE) extracted the data regard-

ing each study's baseline characteristics and patient characteristics,

quality of the included studies, and all outcomes of interest. Two dif-

ferent authors (ANM and IYE) crosschecked the collected data to

ensure its accuracy. All outcomes events were tabulated, preferably

by the longest follow-up duration.

2.3 | Outcomes and definitions

The primary efficacy outcome of interest was major adverse cardiac

events (MACE) as defined by each study. The primary device safety

outcome was stent thrombosis (definite and definite/probable). Sec-

ondary outcomes were all-cause mortality, myocardial infarction (MI;

defined as any MI), and target-lesion revascularization (TLR). We col-

lected target-vessel MI whenever reported. (See Supporting Informa-

tion, Table 1, in the online version of this article for the definitions of

MACE as reported in the individual studies.)

2.4 | Quality assessment

Quality assessment was established on both the study level, using

the Cochrane risk of bias tool,10 and individual outcome level, using

the Grading of Recommendations, Assessment, Development and

Evaluation (GRADE) tool.11 Both tools were used in prior similar pub-

lications and have been explained in further detail previously.12

2.5 | Statistical analysis

All descriptive analyses were conducted using weighted frequencies

for the categorical variables and weighted means and SDs for contin-

uous ones. Random-effects weighted incidences were calculated for

all outcomes of interest using Stata software (Metaprop), and all sta-

tistical analysis was performed using Stata software, version 14 (Stata-

Corp LP, College Station, TX). Summary random-effects risk ratios

(RR) with 95% confidence intervals (CI) were calculated for all out-

comes of interest using the DerSimonian and Laird model.13 The I2

statistic was used for evaluation of in-between studies heterogeneity

with values of 0% to 30%, >30% to 60%, and >60% corresponding to

low, moderate, and high degrees of heterogeneity, respectively.14

Publication bias was assessed using the Egger method, with a P value

<0.05 corresponding to positive evidence of publication bias.15

Further sensitivity and meta-regression analyses were conducted

for further exploration of the reasons for heterogeneity in the out-

comes with moderate to high degree of heterogeneity. These ana-

lyses were conducted according to the percentage of left anterior

descending (LAD) artery involvement, percentage of patients with

diabetes mellitus (DM), and the mean age of the patients included in

each study. A sensitivity analysis was conducted after exclusion of

trials with different definitions of MACE and trials with different

durations of DAPT in both arms. Finally, subgroup analysis according

to the stent type was performed for both primary safety and efficacy

outcomes. A 2-sided P value of <0.05 and CI of 95% was considered

statistically significant.

3 | RESULTS

3.1 | Studies included and patients' characteristics

The initial search resulted in 262 records, out of which 249 were

excluded after reviewing the titles and abstracts. Fourteen studies

were reviewed in detail,8,16–28 resulting in exclusion of 4 studies for

reporting short-term outcomes of the same trials and 1 trial evaluat-

ing a biodegradable-polymer everolimus DES.25–28 Thus, a total of

9 trials involving 17 682 patients were included in the current analy-

sis (Figure 1).8,16–24 All included trials were multicenter. Cobalt

chromium–based everolimus DES (Promus, Boston Scientific, Natick,

MA; and Xience, Abbott Vascular, Santa Clara, CA) were used pre-

dominantly in most trials, except for 1 trial19 that had 50% cobalt

chromium–based everolimus DES and 50% cobalt-based phosphoryl-

choline zotarolimus DES (Endeavor; Medtronic, Minneapolis, MN)

and another 2 trials that had 100% Endeavor DES implanted.17,22

The primary outcome of MACE was defined as the composite of

death, MI, or TVR, except for the NORSTENT trial8 (defined as death

or MI), the Xience or Vision Stents for the Management of Angina in

the Elderly (XIMA) trial18 (defined as death, MI, stroke, TVR, or major

bleeding), and the Everolimus-Eluting Stent vs Bare-Metal Stent in

ST-Segment Elevation Myocardial Infarction (EXAMINATION) trial20
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(defined as death, MI, and any revascularization). All trials reported

MI as any infarction (ie, periprocedural or spontaneous) except

NORSTENT,8 which reported spontaneous and periprocedural MI

separately. We opted to use all MI events for the NORSTENT trial

(both periprocedural and spontaneous) for the definition of MI to be

homogenous between all studies when calculating the MI outcome

summary effect size. The mean follow-up completion for all trials was

good, with overall follow-up completion of 98.5%. Most of the

patients were males (weighted average, 75%) with a weighted mean

age of 65.3 years (SE, 0.04). The recommended duration of DAPT

varied between trials (1–12 months); this was the same in both DES

and BMS groups, except in the XIMA trial, which recommended

1 month of DAPT for patients receiving BMS and 12 months for

patients receiving DES.18 The patients' compliance on DAPT was only

reported in 5 trials,17–21 and it was also similar between both groups

in the reported trials (see Supporting Information, Table 2, in the

online version of this article). Table 1 illustrates the studies and

patients' characteristics of the included trials, and Table 2 illustrates

the patients' demographics of the included trials.

3.2 | Studies and outcomes quality assessment

At the studies level, most trials had low evidence of bias by the

Cochrane tool (see Supporting Information, Figure 1, in the online

version of this article). Also, the level of evidence was strong for both

primary outcomes assessed by the GRADE tool (see Supporting Infor-

mation, Table 3, in the online version of this article).

3.3 | Primary efficacy outcome (MACE)

All trials reported the primary outcome of MACE. At a mean follow-

up of 45.7 months, DES was associated with lower incidence of

MACE compared with BMS (17.3%, 95% CI: 13.7%-20.8% vs 22.3%,

95% CI: 18.6-26.2%; RR: 0.78, 95% CI: 0.69-0.88, P < 0.0001,

I2 = 66%; Figure 2). Such high degree of heterogeneity was not evi-

dent after exclusion of trials with different MACE definitions8,18,20

(RR: 0.72, 95% CI: 0.64-0.81, P < 0.0001, I2 = 23%; see Supporting

Information, Figure 2, in the online version of this article). Sensitivity

analysis after exclusion of the trial with different DAPT duration in

both arms18 showed similar results (RR: 0.78, 95% CI: 0.68-0.89,

I2 = 69%, P < 0.0001). Meta-regression analyses failed to show any

effect modification by age, percentage of LAD involvement, and per-

centage of patients with DM in the DES arm (see Supporting Infor-

mation, Figures 3–5, in the online version of this article). Subgroup

analysis by DES stent type showed similar results in both everolimus-

eluting stents and zotarolimus-eluting stents (see Supporting Informa-

tion, Figure 6, in the online version of this article). There was no

evidence of publication bias by the Egger test (P = 0.11; see Support-

ing Information, Figure 7, in the online version of this article).

3.4 | Primary device safety outcome (stent
thrombosis)

All trials except 2 reported the outcome of definite stent thrombo-

sis.18,19 At a mean follow-up of 47.3 months, DES was associated

with lower incidence of definite stent thrombosis compared with

BMS (0.7%, 95% CI: 0.4%-1.0% vs 1.5%, 95% CI: 1.0%-2.1%; RR:

0.57, 95% CI: 0.41-0.78, P < 0.0001, I2 = 0%; Figure 2). Subgroup

analysis by DES stent type showed similar results (see Supporting

Information, Figure 8, in the online version of this article). The inci-

dence of definite/probable stent thrombosis was lower with DES as

well (RR: 0.54, 95% CI: 0.38-0.80, P = 0.02, I2 = 0%; see Supporting

Information, Figure 9, in the online version of this article). There was

FIGURE 1 Search strategy and selection

criteria (PRISMA) figure. Abbreviations:
EES, everolimus-eluting stent; PRISMA,
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses

154 MAHMOUD ET AL.



no evidence of publication bias by the Egger test (P = 0.96; see Sup-

porting Information, Figure 10, in the online version of this article).

3.5 | Secondary outcomes

Compared with BMS, DES was associated with lower incidences of

MI (RR: 0.67, 95% CI: 0.48-0.95, P = 0.02, I2 = 70%) and TLR (RR:

0.47, 95% CI: 0.42-0.53, P < 0.0001, I2 = 0%). However, the inci-

dence of all-cause mortality was similar between both arms (RR: 0.94,

95% CI: 0.79-1.10, P = 0.47, I2 = 39%; Figure 3). On further meta-

regression analyses, DES implantation in patients with older age (RR:

0.69, 95% CI: 0.50-0.96, P = 0.026 for every 10-year increase in age;

see Supporting Information, Figure 11, in the online version of this

article) and patients with DM (RR: 0.58, 95% CI: 0.44-0.75,

P < 0.0001 per 10% increase in DM patients in each trial; see Sup-

porting Information, Figure 12, in the online version of this article)

was associated with lower incidences of MI compared with BMS.

4 | DISCUSSION

The current analysis demonstrated that second-generation DES (ie,

everolimus- and zotarolimus-eluting stents) had improved clinical effi-

cacy and device safety outcomes compared with BMS. There was a

22% reduction in MACE and a 43% reduction in definite stent throm-

bosis. The reduction in MACE was mainly driven by a 33% reduction

in MI and a 53% reduction in TLR with second-generation DES com-

pared with BMS.

Previous RCTs had shown an improvement in device safety out-

comes (ie, definite stent thrombosis) with second-generation DES but

failed to show a consistent benefit in hard clinical outcomes, such as

all-cause mortality and MI. In the recently conducted NORSTENT trial

involving 9013 patients, investigators did not find a difference in the

composite of all-cause mortality and nonfatal MI at 6-year follow up

between second-generation DES and BMS, though there was a sig-

nificant reduction in rates of repeat revascularization and definite

stent thrombosis.8 However, in EXAMINATION,26 the primary out-

come of composite of all-cause mortality, recurrent MI, or repeat

revascularization at 5-year follow up20 was significantly lower, with

evidence of less target-vessel MI and all-cause mortality with DES. In

the Basel Stent Kosten Effektivitäts Trial–Prospective Validation

Examination (BASKET-PROVE),21 involving 2314 patients undergoing

PCI, the investigators did not detect a difference between second-

generation DES and BMS in rates of death or MI and definite stent

thrombosis at 2 years of follow-up, although they found a lower rate

of TVR in the group receiving DES. These trials were probably under-

powered to detect a difference in clinical outcomes such as MI, a lim-

itation that was overcome by the current meta-analysis. It is worth

noting that PCI of saphenous venous grafts has been associated with

worse outcomes as compared with native coronary arteries,29 and

randomized trials to date have failed to show any difference in out-

comes between BMS and DES for PCI of saphenous vein grafts.30

First-generation DES showed a reduction in stent restenosis and

TVR compared with BMS,31,32 but there were concerns regarding

increased late and very late stent thrombosis.4 Second-generation DEST
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FIGURE 2 Summary risk ratio of MACE and definite stent thrombosis. The relative size of the data markers indicates the weight of the sample

size from each study. P value represents χ2 test of heterogeneity. Abbreviations: BASKET-PROVE, Basel Stent Kosten Effektivitäts Trial–
Prospective Validation Examination; BMS, bare-metal stents; CI, confidence interval; DES, drug-eluting stents; ENDEAVOR II, Medtronic
Endeavor Drug-Eluting Coronary Stent System in Coronary Artery Lesions; EXAMINATION, Everolimus-Eluting Stents vs Bare-Metal Stents in
ST-Segment Elevation Myocardial Infarction; MACE, major adverse cardiac events; NORSTENT, Norwegian Coronary Stent trial; PRODIGY,
Prolonging Dual Antiplatelet Treatment After Grading Stent-Induced Intimal Hyperplasia Study; RR, risk ratio; SPIRIT FIRST, prospective, single-
blind, randomized, multicenter trial comparing outcomes in patients treated with Xience V/Promus vs BMS; XIMA, Xience or Vision Stents for
the Management of Angina in the Elderly; ZEUS, Zotarolimus-Eluting vs Bare-Metal Stents in Uncertain Drug-Eluting Stent Candidates

FIGURE 3 Summary risk ratios of MI, TLR, and all-cause mortality (secondary efficacy outcomes). The relative size of the data markers indicates the

weight of the sample size from each study. P value represents χ2 test of heterogeneity. Abbreviations: BASKET-PROVE, Basel Stent Kosten
Effektivitäts Trial–Prospective Validation Examination; BMS, bare-metal stents; CI, confidence interval; DES, drug-eluting stents; ENDEAVOR II,
Medtronic Endeavor Drug-Eluting Coronary Stent System in Coronary Artery Lesions; EXAMINATION, Everolimus-Eluting Stents vs Bare-Metal
Stents in ST-Segment Elevation Myocardial Infarction; MI, myocardial infarction; NORSTENT, Norwegian Coronary Stent trial; PRODIGY, Prolonging
Dual Antiplatelet Treatment After Grading Stent-Induced Intimal Hyperplasia Study; RR, risk ratio; SPIRIT FIRST, prospective, single-blind, randomized,
multicenter trial comparing outcomes in patients treated with Xience V/Promus vs BMS; TLR, target-lesion revascularization; XIMA, Xience or Vision
Stents for the Management of Angina in the Elderly; ZEUS, Zotarolimus-Eluting vs Bare-Metal Stents in Uncertain Drug-Eluting Stent Candidates
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have thinner struts and thinner, more biocompatible polymers, which

helped improve the device safety endpoints of stent thrombosis and

restenosis.26 Optical coherence tomography studies have demonstrated

that after primary PCI for ST-segment elevation MI, the rate of uncov-

ered struts and stent malapposition was higher for first-generation DES

compared with BMS,33 and similar for second-generation DES and

BMS.34 This can explain the improved stent thrombogenicity of

second-generation DES compared with first-generation DES.

To our knowledge, this meta-analysis is the first to demonstrate

a lower incidence of MI with second-generation DES compared with

BMS in older patients and those with LAD lesions undergoing PCI.

This is consistent with prior evidence from subgroup analyses of

RCTs and registry databases that showed improved outcomes with

DES in elderly patients35–37 and patients with DM.38

At present, >70% of patients undergoing PCI receive a DES.39 A

DAPT of 4 weeks is generally recommended for BMS, compared with

6 to 12 months for DES40; hence, BMS are classically the stents of

choice for patients at high risk of bleeding or those unable to adhere

to DAPT41 to avoid stent thrombosis. The current analysis shows that

both device safety and patient clinical outcomes are improved by

second-generation DES compared with BMS and therefore should be

considered more strongly during PCI. It also raises a question regard-

ing the feasibility of shorter DAPT duration with the newer second-

generation DES. A recent study17 demonstrated that a truncated

course of DAPT—as short as 30 days—resulted in superior outcomes

with second-generation DES compared with BMS with a reduction in

MI, TVR, and stent thrombosis. This suggests that even in patients

with concerns regarding adherence to DAPT or those with bleeding

concerns, second-generation DES can be considered over BMS.

There are also disparities regarding the use of DES based on race,

ethnicity, and insurance status.39,42 This disparity in the use of DES

could be partially related to a lack of provider awareness regarding

the increased safety of second-generation DES over BMS, in addition

to residual concerns regarding the safety of first-generation DES.43

4.1 | Study limitations

There are certain limitations with our analysis. First, the definition of

MACE was different in different studies; thus, we conducted a sensi-

tivity analysis after excluding trials with different definitions to

decrease the heterogeneity between the studies. Second, we could

not assess if there was a difference in outcomes related to acute cor-

onary syndrome or non–acute coronary syndrome indications for PCI,

as this was not indicated in most of the included studies. Third, the

differential duration of DAPT between DES and BMS was reported in

only 4 of 9 included trials, which could confound outcomes. Finally,

as the data were analyzed at trial levels, it was not possible to assess

if all the baseline characteristics were balanced among the groups.

5 | CONCLUSION

Compared with BMS, second-generation DES appear to have a better

safety and efficacy profile with lower incidence of MACE, MI, TLR,

and stent thrombosis.

Conflicts of interest

Dr. Anderson is a consultant for Biosense Webster, a Johnson &

Johnson Company. Dr. Bavry discloses an honorarium from the

American College of Cardiology. The authors declare no other poten-

tial conflicts of interest.

ORCID

Ahmed N. Mahmoud http://orcid.org/0000-0003-2459-5195

Nikhil H. Shah http://orcid.org/0000-0003-2717-1427

Islam Y. Elgendy http://orcid.org/0000-0001-9853-7591

Akram Y. Elgendy http://orcid.org/0000-0002-8869-3731

Amr F. Barakat http://orcid.org/0000-0001-6859-4616

Anthony A. Bavry http://orcid.org/0000-0002-3545-370X

REFERENCES

1. Fischman DL, Leon MB, Baim DS, et al. A randomized comparison of
coronary-stent placement and balloon angioplasty in the treatment of
coronary artery disease. Stent Restenosis Study Investigators. N Engl
J Med. 1994;331:496–501.

2. Farb A, Boam AB. Stent thrombosis redux—the FDA perspective. N
Engl J Med. 2007;356:984–987.

3. Eisenstein EL, Anstrom KJ, Kong DF, et al. Clopidogrel use and
long-term clinical outcomes after drug-eluting stent implantation.
JAMA. 2007;297:159–168.

4. Bavry AA, Kumbhani DJ, Helton TJ, et al. Late thrombosis of
drug-eluting stents: a meta-analysis of randomized clinical trials.
Am J Med. 2006;119:1056–1061.

5. Palmerini T, Biondi-Zoccai G, Della Riva D, et al. Stent thrombosis
with drug-eluting and bare-metal stents: evidence from a comprehen-
sive network meta-analysis. Lancet. 2012;379:1393–1402.

6. Bangalore S, Kumar S, Fusaro M, et al. Short- and long-term out-
comes with drug-eluting and bare-metal coronary stents: a
mixed-treatment comparison analysis of 117 762 patient-years of
follow-up from randomized trials. Circulation. 2012;125:2873–2891.

7. Palmerini T, Biondi-Zoccai G, Della Riva D, et al. Clinical outcomes
with drug-eluting and bare-metal stents in patients with ST-segment
elevation myocardial infarction: evidence from a comprehensive net-
work meta-analysis. J Am Coll Cardiol. 2013;62:496–504.

8. Bønaa KH, Mannsverk J, Wiseth R, et al; NORSTENT Investigators.
Drug-eluting or bare-metal stents for coronary artery disease. N Engl
J Med. 2016;375:1242–1252.

9. Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. BMJ.
2009;339:b2535.

10. Higgins JP, Altman DG, Gøtzsche PC, et al. The Cochrane Collabora-
tion's tool for assessing risk of bias in randomised trials. BMJ. 2011;
343:d5928.

11. Atkins D, Best D, Briss PA, et al. Grading quality of evidence and
strength of recommendations. BMJ. 2004;328:1490.

12. Mahmoud AN, Elgendy AY, Rambarat C, et al. Efficacy and safety of
aspirin in patients with peripheral vascular disease: an updated sys-
tematic review and meta-analysis of randomized controlled trials.
PLoS One. 2017;12:e0175283.

13. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials. 1986;7:177–188.

14. Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in
meta-analyses. BMJ. 2003;327:557–560.

15. Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997;315:629–634.

16. Remkes WS, Badings EA, Hermanides RS, et al. Randomised compari-
son of drug-eluting versus bare-metal stenting in patients with
non–ST elevation myocardial infarction. Open Heart. 2016;3:
e000455.

MAHMOUD ET AL. 157

http://orcid.org/0000-0003-2459-5195
http://orcid.org/0000-0003-2459-5195
http://orcid.org/0000-0003-2717-1427
http://orcid.org/0000-0003-2717-1427
http://orcid.org/0000-0001-9853-7591
http://orcid.org/0000-0001-9853-7591
http://orcid.org/0000-0002-8869-3731
http://orcid.org/0000-0002-8869-3731
http://orcid.org/0000-0001-6859-4616
http://orcid.org/0000-0001-6859-4616
http://orcid.org/0000-0002-3545-370X
http://orcid.org/0000-0002-3545-370X


17. Valgimigli M, Patialiakas A, Thury A, et al; ZEUS Investigators.
Zotarolimus-eluting versus bare-metal stents in uncertain
drug-eluting stent candidates. J Am Coll Cardiol. 2015;65:805–815.

18. de Belder A, de la Torre Hernandez JM, Lopez-Palop R, et al; XIMA
Investigators. A prospective randomized trial of everolimus-eluting
stents versus bare-metal stents in octogenarians: the XIMA Trial
(Xience or Vision Stents for the Management of Angina in the
Elderly). J Am Coll Cardiol. 2014;63:1371–1375.

19. Valgimigli M, Tebaldi M, Borghesi M, et al; PRODIGY Investigators.
Two-year outcomes after first- or second-generation drug-eluting or
bare-metal stent implantation in all-comer patients undergoing percu-
taneous coronary intervention: a pre-specified analysis from the
PRODIGY study (Prolonging Dual Antiplatelet Treatment After Grad-
ing Stent-Induced Intimal Hyperplasia Study). JACC Cardiovasc Interv.
2014;7:20–28.

20. Sabaté M, Brugaletta S, Cequier A, et al. Clinical outcomes in patients
with ST-segment elevation myocardial infarction treated with
everolimus-eluting stents versus bare-metal stents (EXAMINATION):
5-year results of a randomised trial. Lancet. 2016;387:357–366.

21. Kaiser C, Galatius S, Erne P, et al; BASKET-PROVE Study Group.
Drug-eluting versus bare-metal stents in large coronary arteries. N
Engl J Med. 2010;363:2310–2319.

22. Fajadet J, Wijns W, Laarman GJ, et al. Long-term follow-up of the
randomised controlled trial to evaluate the safety and efficacy of the
zotarolimus-eluting driver coronary stent in de novo native coronary
artery lesions: five-year outcomes in the ENDEAVOR II study. EuroIn-
tervention. 2010;6:562–567.

23. Wiemer M, Serruys PW, Miquel-Hebert K, et al. Five-year long-term
clinical follow-up of the XIENCE V everolimus eluting coronary stent
system in the treatment of patients with de novo coronary artery
lesions: the SPIRIT FIRST trial. Catheter Cardiovasc Interv. 2010;75:
997–1003.

24. Grube E, Sonoda S, Ikeno F, et al. Six- and twelve-month results from
first human experience using everolimus-eluting stents with bioab-
sorbable polymer. Circulation. 2004;109:2168–2171.

25. Sabaté M, Brugaletta S, Cequier A, et al. The EXAMINATION trial
(Everolimus-Eluting Stents Versus Bare-Metal Stents in ST-Segment
Elevation Myocardial Infarction): 2-year results from a multicenter
randomized controlled trial. JACC Cardiovasc Interv. 2014;7:64–71.

26. Sabaté M, Cequier A, Iñiguez A, et al. Everolimus-eluting stent versus
bare-metal stent in ST-segment elevation myocardial infarction
(EXAMINATION): 1-year results of a randomised controlled trial. Lan-
cet. 2012;380:1482–1490.

27. Fajadet J, Wijns W, Laarman GJ, et al; ENDEAVOR II Investigators.
Randomized, double-blind, multicenter study of the Endeavor
zotarolimus-eluting phosphorylcholine-encapsulated stent for treat-
ment of native coronary artery lesions: clinical and angiographic
results of the ENDEAVOR II Trial [article in English and Italian].
Minerva Cardioangiol. 2007;55:1–18.

28. Serruys PW, Ong AT, Piek JJ, et al. A randomized comparison of
a durable polymer everolimus-eluting stent with a bare metal cor-
onary stent: The SPIRIT FIRST trial. EuroIntervention. 2005;1:
58–65.

29. Brilakis ES, O'Donnell CI, Penny W, et al. Percutaneous coronary
intervention in native coronary arteries versus bypass grafts in
patients with prior coronary artery bypass graft surgery: insights from
the Veterans Affairs Clinical Assessment, Reporting, and Tracking
Program. JACC Cardiovasc Interv. 2016;9:884–893.

30. Elgendy IY, Mahmoud AN, Brilakis ES, et al. Drug-eluting stents ver-
sus bare-metal stents for saphenous vein graft revascularisation: a
meta-analysis of randomised trials. EuroIntervention. 2017. pii:
EIJ-D-17-00839. [Epub ahead of print] https://doi.org/10.4244/
EIJ-D-17-00839.

31. Moses JW, Leon MB, Popma JJ, et al; SIRIUS Investigators.
Sirolimus-eluting stents versus standard stents in patients with ste-
nosis in a native coronary artery. N Engl J Med. 2003;349:
1315–1323.

32. Ellis SG, Stone GW, Cox DA, et al; TAXUS IV Investigators. Long-term
safety and efficacy with paclitaxel-eluting stents: 5-year final results

of the TAXUS IV clinical trial (TAXUS IV-SR: Treatment of De Novo
Coronary Disease Using a Single Paclitaxel-Eluting Stent). JACC Cardi-
ovasc Interv. 2009;2:1248–1259.

33. Guagliumi G, Costa MA, Sirbu V, et al. Strut coverage and late malap-
position with paclitaxel-eluting stents compared with bare metal
stents in acute myocardial infarction: optical coherence tomography
substudy of the Harmonizing Outcomes with Revascularization and
Stents in Acute Myocardial Infarction (HORIZONS-AMI) Trial. Circula-
tion. 2011;123:274–281.

34. Ino Y, Kubo T, Tanaka A, et al. Comparison of vascular response
between everolimus-eluting stent and bare metal stent implantation
in ST-segment elevation myocardial infarction assessed by optical
coherence tomography. Eur Heart J Cardiovasc Imaging. 2015;16:
513–520.

35. Kurz DJ, Bernheim AM, Tüller D, et al. Improved outcomes of elderly
patients treated with drug-eluting versus bare metal stents in large
coronary arteries: results from the Basel Stent Kosten-Effektivitäts
Trial Prospective Validation Examination randomized trial. Am Heart J.
2015;170:787.e1–795.e1.

36. Patel MR, Marso SP, Dai D, et al. Comparative effectiveness of
drug-eluting versus bare-metal stents in elderly patients undergoing
revascularization of chronic total coronary occlusions: results from
the National Cardiovascular Data Registry, 2005–2008. JACC Cardio-
vasc Interv. 2012;5:1054–1061.

37. Bainey KR, Selzer F, Cohen HA, et al. Comparison of three age groups
regarding safety and efficacy of drug-eluting stents (from the
National Heart, Lung, and Blood Institute Dynamic Registry).
Am J Cardiol. 2012;109:195–201.

38. Bangalore S, Kumar S, Fusaro M, et al. Outcomes with various
drug-eluting or bare-metal stents in patients with diabetes mellitus:
mixed treatment comparison analysis of 22 844 patient-years of
follow-up from randomised trials. BMJ. 2012;345:e5170.

39. Bangalore S, Gupta N, Guo Y, et al. Trend in the use of drug-eluting
stents in the United States: insight from over 8.1 million coronary
interventions. Int J Cardiol. 2014;175:108–119.

40. Levine GN, Bates ER, Bittl JA, et al. 2016 ACC/AHA guideline
focused update on duration of dual antiplatelet therapy in patients
with coronary artery disease: a report of the American College of
Cardiology/American Heart Association Task Force on Clinical Prac-
tice Guidelines. J Thorac Cardiovasc Surg. 2016;152:1243–1275.

41. O'Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF/AHA guide-
line for the management of ST-elevation myocardial infarction: execu-
tive summary: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice
Guidelines: developed in collaboration with the American College of
Emergency Physicians and Society for Cardiovascular Angiography
and Interventions. Catheter Cardiovasc Interv. 2013;82:E1–E27.

42. Hannan EL, Racz MJ, Walford G, et al. Disparities in the use of
drug-eluting coronary stents by race, ethnicity, payer, and hospital.
Can J Cardiol. 2016;32:987.e25–987.e31.

43. Owlia M, Bangalore S. Is the use of bare-metal stents justifiable in
the era of second-generation drug-eluting stents? Can J Cardiol.
2016;32:941.e7–941.e9.

SUPPORTING INFORMATION

Additional Supporting Information may be found online in the sup-

porting information tab for this article.

How to cite this article: Mahmoud AN, Shah NH, Elgendy IY,

et al. Safety and efficacy of second-generation drug-eluting

stents compared with bare-metal stents: An updated meta-

analysis and regression of 9 randomized clinical trials. Clin Car-

diol. 2018;41:151–158. https://doi.org/10.1002/clc.22855

158 MAHMOUD ET AL.

https://doi.org/10.4244/EIJ-D-17-00839
https://doi.org/10.4244/EIJ-D-17-00839
https://doi.org/10.1002/clc.22855

	 Safety and efficacy of second-generation drug-eluting stents compared with bare-metal stents: An updated meta-analysis and...
	1  INTRODUCTION
	2  METHODS
	2.1  Data sources and study selection
	2.2  Data extraction
	2.3  Outcomes and definitions
	2.4  Quality assessment
	2.5  Statistical analysis

	3  RESULTS
	3.1  Studies included and patients' characteristics
	3.2  Studies and outcomes quality assessment
	3.3  Primary efficacy outcome (MACE)
	3.4  Primary device safety outcome (stent thrombosis)
	3.5  Secondary outcomes

	4  DISCUSSION
	4.1  Study limitations

	5  CONCLUSION
	5  Conflicts of interest

	  REFERENCES


